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5^ ilB ^ 

[0001] :$:mmn. mM^^(DM^^^^mi^^ytm^^^m-t^o mm:^^h(D^(Dm 
[0002] ^^(D^mpfm^m^i-i. mi(DXoKmj^^nx\^^fc. mu-i. ai oa in n( 

X y y 

{*pM«1§B^ 83f*p-GaN^^f^:ji. 85ftInGaN^t£M^ 86{in-GaNi|^^^2|5:M^ 
[0003] AlGaIn N(0^x^l. O^y^l. O^x+y^DT'^^tb^IIIi^^'fbi^^'fb'^ 

X y 1— X— y 

[0004] ^st^$nfc^{i#^^^3fe^^f^s^^«bTv^<, ^m(Dmu^m2\:i^'ro 

m2nmiim^^-t^^^mw^mtftm^<7y^^Bm-r^^<Dmxh^o iii2^c*dv>t 

[0005] ^'t4Ji92<^4»£DMx(i.-^^^!i96(^){ig-e|S^bfc3fe:S5, ^^<2^®91^ii«?, -h 

0 

fls:ji9i(Djsjff^^ , ^n.<Dmmm^it'r^t. ru(D^x-^K.hti^o 

0 

0 =sin"'(l/n ) (1) 

0 0 

(i)^J;«9> n =2. 8(Dt^, e =2imt^j:r), A#t^ 0 ^S2lS7tc^-efonf^. _h® 

0 0 

c^cqT M/AII ABLE COPY 
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77=(1-COS0 ) (2) 
0 

0 

[0006] L^i^L. AM:^ e i^2imu±xhtiit. ^Rm\^xnxj^^mi^m9u 93P^^b 
m-t^o fBi&m92x^^vfz.m^t^x^ ^^#:®9i, 93nmmx:h^tK mi±m 

ji9i, 93^^m-r^m\^. m\±m92hmm'r^tcib^ mm-r^tcm^mm\^x'o 

[0007] ^mi^m^m'f-(Dmmmm\.fcmtA^n*^2im3^±x^tn-£. nn^^^ 
$tbT. ^^mi^^ytm^\HKmc^2<^^hi^lxv^^<, Amw2im^mxhtiit. 
^H^izmm-r^o ntmi^ti^^iz. m^m92^inmhmmvfcm-iU.M\^x\^^^ti 
j?>. mM\^fc^h^mt)^^\^^<ti:^xi.^^o 

[0009] ^mi^mytm^<Dmmx(D±R^^(i^ti:<-r^tiibK^ ±M(DT^^^^f^mzx. 

: i|#M¥lO-326910-i-4^f^ 
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[0012] *fc. «i^2^0j(*. mmt. mmm±i^. (pfi:<th. mm^mi^mt. m^mt 
. m2^mi^mt. ^mi^m^^^^mi^mytm^x^^x. mm2^^mi^mmMmi 
^^mi^mtm^J:^fcm\^^W1b. ■^^-^mm^m iz.^^ti^i-^x(DM.t>hmmi^m 
(^^tijuTv •^^mm^x(Dmm^mibHo n va&.-r(o^Mwm%m^x^^o 

[0013] ^fc, mmz%m\-i.. mmt. mmm±.\^i^j^^fif^'pfs:<thm'^Mwmtm 
'^mtm2^mwmt^m\^'^t^2]i).±.(D;^^nb. ^m^^^mi^m%m^x^r> 
X. mm2^^mi^mmmi^mi^mtm^j:^tim^^n-ib. 7!)^-^<>ti:<thmm2 
^m^m^xumm^mtnM^^^mx^mmi:i^m^tix\^^^w^mi$^mytm^ 

[0014] *fc. :$:mm4mmn. mmt. mm^±Knm^thti{pfj:<ti,mi^mi$^mtm 
^mtm2^^mi^mt^mi^^t^2sx±<D^^^t^^m^^^^mi^mytm'f-x:h^ 

'r^:fv^yi:^^^m^^x<i^-fj:<ti,mm2^mi^m^xumm^mmM^'^m^x^ 
mmc^m^tix\^ -^^^mwmtftm^xh^o 
[0015] :^mm5mMn. <i^f£<th. m^t. mi^mi^mt. m^mt. m2^mi^ 
mt. ^mi^m^?>^mw-m^m^xh^x. t^m2^mi^mi-i. mmi^mi^mt 
m^j:-^fm^^wib.:^^-^tm2^^mi^m(Dm(Dmtnvtc±m^mm2^^mi^m<D 
immm i.tc±m7!)^h{i^-fj:< thmm^m i^^xm-r^ mn^^-t^ ^^mi^mytm 

[0016] :^m^mK^^^x^ mufB2^mi^m(Dm<Dmmvrc±m(Dmmi<^mi.x^ mm 
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[0017] ^mmmi^^^^x. {}y-^j:<thmmmi^mi<^^^ti^i-^x(Dj^f)^hmmf^ 

[0018] ^fc. :^mmmiz.m^x. wmm2^^mi^m(Dm(Dmmvfc±m(Dm^7b^45mx 

'o-h^h^\^^^m(D-mM^nm-r^^t7!)^x^:6o 
[0019] *fc, :^mmmi^i3\,^x. mm^'\^m(DmmL^x\^^^mmtmmm2^^mi^m(D 

[0020] *fc, ^mm^ J-*3V ^-C. fulHS^<Z)BUlEmi ¥^^flcg:6S^^^$tLfciffitc^bT 
[0021] *fc.:$:iS^!^{;i*5V^T. tulE¥a»#:^^^^;5SAl Ga In N(0^x^l.O^ 

X y 1— X— y 

y ^ 1 . 0 ^x+y ^ 1) xm^timmmm^^i^^n^^mi^m^m^t-r^^tTb^x 

[0023] [|lIl]tt§^<Z)Iim^<t:i^^^b^#j;ei^e^;^iSGaN^i|^^^^^m^^(D«J^fe^Ui0^i- 

[|li3]«|g0J<^i|^##:|g^^^co^?]^^xVl-(^#-!l^l5^0Jt-SEIT'^^ 
[|g4];^|clKISlg<7)i|^^##:^3fe^^^(^^##:ji(^)il®cD®«JC^i-5#J®^^®«0 

[[ll5];2^Ii^p^cDTO^ta?ai-5[E|-efe6. 
[El6]7^M^5g(D^^#:|g5t^^^^U&P^-r§|g|Tfe§o 
[|ll7];2|s:MI§0ja)^^^^3fe^^(D^5t<^)^J?:l5iP.^-r5liIt?feSo 
[Bl8];j|s:iSI§!g<^)¥^#:^3fe^^=-o^3t<^M^UiPJ-rSElt?fc5o 
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[0024] 11 m2^mi^m 

12 ^ttil. 

13 mm^mi^m 

14 

16 m'\^m(Dmmvfcmm 

20 ^i^-^p 

21,22 Aj^Vx^^'i/^-^^'K 

23 -fV^yZ^^ 

24 

25 Sit® 
26 

27 m 

28 Mytm 

29 

50 
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51 mm-M-^(Dmm 

31. 39 Ti/'Au^V-r'-f>'^^-«5/K 

32 NiXAu pmmm 

33 p-GaN:Mg=i>'^i5'hS 

34 AlGa N:Mg^^#:S 

X 1— X 

35 In Ga N^tt® 

1— y y 

36 n-GaN:Sii^?l.x-<-/:7r® 

37 GaN{g;?g.x^5/>^r® 

38 •^}-:7r^rmm 

40 Al/Au nMft^ 

41 y<-y-y^^i^3:ym 

42 ^MSt^ii 

81 p'[||J7^^V■7'^:/^^^•^yK 

82 pmn^ 

83 p-GaN^^^Ji 

85 InGaN??|'[4;i 

86 n-GaN^^^Ji 

87 "^^T-frmm 

89 nS«l3i 

91 ^mi^m 

92 ^'14® 

93 ^2»|^ji 

94 i^m^mytm'f-<D±m 
96 ^ytm 

[0025] i^;^T. ^m^?ao^Jfe(^)?l^«iJCoV>T. ^#(^IEI®^#fl^LT^BJi-5o 
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[0026] m3iz.^mmM(D^l^mi^^ytm^(D^M'e'f/^(Dm^7^:^r, i^3tc:*3v>-c, nf* 
ii2^^^s. i2i-imiim. i3nmi^mi^m. i4nmm. i5nm2^mi^m<D 

m(Dmmi^fc±m. i7iim'\^m(Dmm\^x\^^^mm. 21, 22f44^>7^v>'i^>-^2'h 

[0027] rr-e.AlGaIn N(0^x^l, O^y^l, O^x+y^DT'^^tL^IIIi^^'fki^ 

X . y 1— jc— y 

p--GaNm2^mi^m^mm^^^:Ltt)^h^o :L<Dm^. n-GaNmi^mi^m<D- 
m^^^y^>i!^^M^^x^^ti^. ^mmmxn. mmiJiatm^titimi^m 

i^mcommh-^^ti^o nsf^jov^-cft. m^mi2(Dmtiii.x\^^^mmi7tn. ms 
iz.m'rmmm^n^vfc^:^x\&m4(Dmm^. &m4±izm^tix\^^mi 

^m^<Di^<Dmm(D^^mvx\^^^o :^mmwi^:is\,^x. sirmmt-r^o 
[0028] ei3{c*dv>t. mmi4±i,zmm^mi^mi3^ ii^\^mi2. ^2^^!$:® 11, 
:^tixi m2^^mwm utmi ^mi^m i3i-i^^^'tipmxi-inm(D^mi^m 
x\ :^>-:>mmm^j:^x\^^^o ^(Dt^^ pm^^mi^mA^h^1^^tltl^-Jl^tnm^ 
mi^m^>hm^^^thtcm^7!)^m^ml2xn1^^vxm%•t^o mit\^fz.mt. m2 
xmm\^tcx.o\^. m2^mw-mii(Dm(D±Mi^t>h\^m-t^i)^. m\^m^w-mi3 
. m2^mw-mii^^m.\^xmmfi^hmm'r^o 
[0029] :^m^(Dmmx\%. m3\:Liit6n^m2^mw-miit\.xGa-!<im (®^^2. mm 
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^100%);JSo. 3 n mi:AlGaNji (®^^2. 65. :gil^lOO%) t^O. 01 m. ^ 
[0030] t^&5l5(^^#l$:^5fef^^(^?f^t^-^ii^ JbfficOffi^fiSOO ju m X 300 m, #Jffi(D 











1. 4% 


1 




13% 


1. 09 




14% 


1. 08 


HftClSfteo' ) 


17% 


1. 12 


= ^(llft40* ) 


18% 


1. 11 


=ft(11^20' ) 


21% 


1. 15 



[0031] m\(D{mm(Dmm(o^t\/±M(D'^m)\^n-r^^n^^^m^m^\^^'ro m 

[0032] t^^o-C. mm^t. S«14_b(^. ^>>fe<^t>. ^liH^^#:Jil3t. ^ttJil2t. ^2 
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[0033] imm(Dmm2) 

Wimtm^j:^tmi^^n-tb.t)>-Dmmi±miz^^M-t^x<DM.7b>hmf^^m<Dm 
tbUTv ^^mm^x(DMMmm^M<'t^^ti:iX^x. ^^m^^^<Dikiz^m^ 

[0034] m5n^m^m<Djw^m^mmvfmxh^. m6n^Bmm(Dnmmx:h^o 05 

l5iim2^^mi^m(Dmmvtl±ms i7iimitm(omm\^x\^^^mm. 28nM.ytm 

xh^o ,<^^m28n:L<DiiLmx^yti.fct-r^u^mj:M.x^^o meizm^x^ le 
nm^m(Dmmi^fcmm. sonm^mi^^i^n^M. 5mM5ot^ibmmi6^x(D 

mi^m:b^hm'^^tifcm'f-d^m^m 1 2xw^^^vx^^-r^o M^m28^^h(Dyt 
fi, m2xm.mi.ti^oiz. m5iz^mm2^mi^mii(Dm\(D±m^hmm-r^7b^ 

'a-iz^^xni:^nfc::^^/u^—KM}t^\^tii^M^h<^yt^m-r^o o-s«9. miz't(D 
^■S:(Dytif>^mmm 1 2^mm-r^t^ m^m i2i-i^(Df^-S:(Dmzt^xmi^tf-i:v) 

[0036] ^^m<D^^mw^^^m^xn. i^mi^m(Dm^^^mi^m(Dm^izit^mMmzi^ 
#v^fc^?>. f^\±mxmyti.r^^i)^^^mi^m(Dmmizmm-r^-^x(Dmm^^^<. ¥ 



wo 2005/067067 



10 



PCT/JP2005/000044 



[0037] ^mm(DMmxit. m6iz.isn^f^i±mi2{z.^^ti^M,5o^^hmmi6i^x(Dm. 

[0038] ^mmcDj^mxn. mm^mntd^^, Ei6t^*5v>-c. mi^mi2K^^in^^5o 

[0039] t^§oT. mmi4t. mmi4±K^ :i^fj:<ths mi'^mi^mist. m\^mi2t. m2 

^mi^miit. ^i\m:im^^^^mi^m^mi^x'h^x. m2^^mi^miinmi^m 
i^m 13 tMtf:^fcm\&^w-h.t>-Di[^\&mi2ic^-^ti^-r^x(D,^5o^>hm'\^m 
i2(Dmmvx\, ^mmi6t.x(DmMm.m^4o ^ m&srx:h^^mi^mtftm^x 

[0040] mm(Dj^m3) 

tm2^^mi^mt^mi^^t^2)ix±<D?i-^^t. ^m^^^^mi^mytm^xh'ox. 
^m2^^m^mimmi^mi^mtmfj:^fcm^^nib.7!}>-o<>fj:<thmm2^m 

i^mis^xj^mm^m:Am?^-^umx^mm=^i^m^ti^^t\cx^x^^m^mm 

[0041] m7ic>^mmm<Di^mi^^yt^'f'<Dmm(Dm^7jk'to m7iz.^\^^x. ivif^2^ 
mw^m. i2nfs^m. i3i-ifHi^mi^m. i4i-imm. l5nm2^^mi^m(Dm(Dm 
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[0042] El7tC:JoV>T, S^l4±(D#p<1^^20{;l^V^<^t)l|l^#^Jil3. ^ttjil2, 
y<^yV21t)>ib>m2^mi^mil^. mmi4±iz.Wti-flbtifc:^>'f^>i^y<^yh^22i)^h 

[0043] m7\z.7T^'rxo\z.^ ;/^t/.^^iMa5^?i^^-rs<t^'b. m!^c»m/K.^p<1^^^s«-h^- 
mm-r^:)jtK m^mw-miz. f^2^mwmii^^m.ir^tit\tm'&.m\2xwLii^ 
^th^m\^^^n>20(Dmmt>hihm-r^fz.^\i^m^mt>mi<f^^. "^(d^^^. 

[0044] mm<Dmm\xmmvk.x.o\^. :^'mm(Dmm\^x.^^mw-m%m^\^^\'^xh. 
[0045] W'. 'mm(Dwm2xmmvrz.i:.o\^. :^-mmmm\zi:^^m^^%m^\z.iitd\^ 

Tt>. ^'l4Ji 1 2lc:-^^tbS^;6^f5?g'|4ji 1 2;6smffiLfc{Rij®^-e<D;ftMEgil;6540 ju 
[0046] |117-C«. ^mi4:(D±.m^\-i.W,l^MWmi3(D—Ui!)^:x.^y'f-:^y-^fhfj:\^Xm^ 
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[0047] m^x. mm4t. mmi4±im^^tifc<i^fj:<thmi^mi^mi3tmi^mi2 

m2^^mi$^miii'i.mm^mwmi3tm^j:^fcm^^mib. ^>-D{i^-fj:<khm2 
^^mi^mll:^xx^m^ml2t)^^^^mx^mm:i1^m^tlfc^^mi^^t/tm^x 

mi^xn. mi^mi2iz^^ti:5.^.f)^hm^m(Dmm\^fcmm^x(D^mmm^M< 
[0048] $f>};i. ±mi5(Dmmi:^n'r^mmi7(Dmm<D^$i-(Dm^%:5%3^x±Ki.fcmm 

[0049] mM(Dmm4) 

tm2^mi^mt^m\^^t?2u±(D;^-^ut. ^mx.^'¥^mi^mytm^x^^x^ 
mm2^mi^mit.mmi^mi^mtm^j:<>fcmii^^^.t^-Dm?i^^^mm-r^ 
:fviyi^n^m^x^pt^<thmm2mmi^m:irsxxj^m^iim7!)m?^-^umx^rm 
\^^m^ti^:itizx-:>x^^m^mm(Di}:±^m^^^mwmytm^x^^o 
[0050] me. m9i,z^mmm(D^mi^m^m^(^mm(Dw^i^^-ro ms. ii9i^:iov>-r. i 
inm2^^mi^m. i2imi^m. isimi^m^m. i4(««. i5nm2^mi^m 
(Dm(Dmm\^ti±m. i7nfBi^m(D^mvx\^^^mm. 20f*p«i^^. 2u 221^:^^ 

[0051] ^^T% y'v^yi^m23n. mm±KM^^tifcmm<Dpi-^n2o^m^mi^mii^'r^ 
fc}sb(D^(DX\ mm4±.\zm^mi2^^t^^mw-m^mm\^fcm^. p<if§P2ox 
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[0052] Ei8(^*5v>T. mm4±(D^/^n2o\z{i.-fj:<thmi^mi^mi3. mi^mi2^ 
m2i^mi^m i iT^m^^tixi, ^-So m2^^mw■m 1 1 -htc^ttp^tLfc^i^vy^^^^y-? 

i/^-?5'K22;e)^^>2o(D^-!?-$i52O(^0i 1 s^mmm^^^th^o m2^^mi$^ 
mil tmi ^MW-m i3n^f\^^fipmji.mm(Di^mw-mx\ Hi^^mmm^n-^x 

'^i!}^m'&mi2xn^^\^x^%-t^, mtfti.tim-i. m2xm,mi^fcXo\^^ ^n.^ 
ti<D;^'^m20(Dm2^mi^mii(Dm\(D±m^^hmM-r^^\ m2^^mi^mll. m 
^mi^misf^^^m\^x^iti'efh<D^^^20(Dmm7!}>hmM-r^o 

[0053] |ll8f;i*5V>-C. 2^(D;<'9'U20(Dm2^^mW-milRrjmi^mi^mi3n-^V^yi^ 

n23xmm^ti^:iticx^x^n^fi<D?i^m2o^mM.m^mm^tix\^^^fc}^ 



m^f^ 1 ^mi^m i3(D~mm^tix\^ v ^fca??. ^>^'f-^:^yy<yh'22i±mi ^ 
mi^m 1 3izmm^n^^^ fBi^mi^mi3izms^\^tcm'Sf^24izmf<fx\, 

[0054] |ll9{Cj^V>T. mm4±(D^;<^M20l>:i{>f£<thMl^m^i^mi3^ fgttjil2, 

^2^^#:jiii. MM^^ixx^^^o m2^^mi^m 11 ±^mifhtifc^>v'r^^ 

^<^y}'^21^^h2-D(D;i^^20<Dm2^^mi^mil^.&mi4±iZ.Wtnhtlfc.^:^y'^ 

>^y<^yh'22^^h2-D<D^'^n20(Dmi ^mi^M 1 3^mm:dm'^^ti^o f^2i^m 
1 1 ¥3»#:js i3n^n'etipmxnnm(Di^mw^mx\ ^^-^mmm^j: 

fcm^i^i^^mi2xn'^^i^xm^'r^o m^i^tcmt. iii2T'^Bju^<t5{-x t 
ti^ti(o;i^^<Dmi^mi^m(Dm<D±m^>hmm-t^7!)\ ^2i^mi^mii. mi 

^mi^m i3f^^^mvx^Mti(D?i'i^^20(Dmm^>htiiM'r^o 
[0055] iii9{ci*5v^T^ 2^(D?i^M20(Dm2^^mi$^mllR^c^ml^^mi^ml3i•iy'Vy^:^ 

U23Xmm^tlX\^ ^§fcJ6. ^V7=V^^^^°5/K21 i7}^V7=V:^i/^-?2/K22fi^tl.^* 



'V-^^;/K21<^^Vy=V>'i^^■?5/K22fi^t^^^tLlo-rofei^(^J^:'9. 
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[0056] ^mmcommx^i-^. tt-r^L-tcmmmm3xMm\^fc(Dtmm(D9j}^7imhti^^ 
[0057] mm<Dmm5) 

[0058] mio. miuc:^mmm(D^^mi^m^m^(Dm^^(Dm^^-rc mio. iiiiif^:^ 

o Eiio. mii-ef*. m^-A^(}^^d:<thm\^mi2izt.xmi-^mn27i!)^2^mifhti 
■rv^6;as^ m2^mi¥mii<Dm(D±.m(Dmu27n2-Diz.mh-r. 

o r(7)J;5?^eaf]^27f*. S^14_hJC?g'|4®12^-^ti'^^^S^«iibfc:^fC, re.;, 

^i^ii^-r^^ticx^xm]^-r^:Ltt>x^^o ^j:^. m^27(Dm'^isxxfmm^'^ 
v>-c. m.n^i^-D^'^^m'^^\.t:.m^27^mio. miu^^-rh(Dt\^tz:A^. ^s^m 

^^t-d^x^^o 

[0059] llllo^^*3v^T. stgi4_htci^iii^^f*:jii3, m^ml2:^f^xt^m2^^mi^mll. 
i!)mm^tix\^^^o m2^^mi^mll±il^^i1rhtlfz.^>'T'^^^1^y<1yh'2l7!}^hm2^ 
mi^mii^.m'S^24±iz.mnhthrc:^>''f^:y^y<yV22^>hmi'^mw^mi3^ 
mm:^m'^^ti^o m2^^mw-m utmi ^^mw■m i3i'X^th^'thpmxit.nm(D^ 
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[0061] 'm&(DWMxxmmj-^^^\z.^ if.mM<Dr<mc^^^MW-^%n^\^i^^^x%. 
[0062] */c. wM.(D'mm.2xmm\Az.^o\^. ^w^mm\^^^^MW-^%M^\^^^' ^ 

[0063] |1110{C*5V>T. ^2^^^jill^t;«^l^^#:jil3{i«^^(C^^^n-CV^^ 
fdJ?). #V7^V>^i5^/--VK21^^Vy=V^i!^/-^:yK22fi^tL^'tl.lo-rofetb{^JS:»9. 

^1 ^l^ig^ii 1 3 tc^i^^^i^S J;5 ^ l ^^I^Ji 1 3 {cji0^bfc:fliS$|524{c^{t^^tt 

[0064] iailJ;i*3V>T. X^14_Lt^^l^^#:;il3. »14^12*5it;«||2M^^^Jill. 
im^^fv^^^^o ^2^^^*:Jill±tctS:tt?jnfc:JJ^V-7^^^>/^-?5^K21d^b^2^ 
^^iill--. SMl4_Li:i^fj-bti'fc/K>-7=V^^i/^>°5/K22;5^^mi^^ft:jil3-^ 
«i5tD^5#h|^$tb^^ 02^^#:Jill^^l^lC|$:Jil3f*^tv^'tLpM:5i{inM(D^ 

. m2xmmu-zXo\^. m2^mw-m\\(Dm(DkM-h>h^^^^t^^ 'm2^mwm 

1 1 . m 1 1 3 ^^i^UT^ tb^ti^cD cDM®;^-?? W -T^o 

[0065] miitcjov^T. %2^mw-m\\m:^%\^MW-m\'i\-mM.mzmm.^fv^\^^ 
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-So 

[0066] t^oT. :^mm(Dmmxn. <i^^fj:<th. mmi4t. mi^mi^mi3t. m^mi2 
ml^^mi^ml3mfJ:^fcm\±^wtb.:^>-^m2^^mi^mll<Dm(Dmmvfz±ml 

mytm^xn. mi&mi2K^i^ti^j^7f)^hm\^m(Dmtiii^tcmm^x(Dmm^m 

^m<i-^:ithx^^fci^.n^m^^j}m^^m-r^^t^^x^tco 
[0067] m2^mi^mii(Dm(Dmiifti^tc±mi5(D^mKM-r^mmi7<Dmm(D 

:^^hm^ml2(Dmml^fc^^mi^m(Dmmt.x<DMm^my(>^4o n mi^JiTo^^#: 
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